Introduction
The increasing economic activities require a lot of energy and material capital investment, also produce large amounts of pollutant byproducts at the same time. Once the accumulation of pollutants goes beyond the ecological carrying capacity, environmental quality would decline, thus which may affect human welfare and restrict economic growth. In the early 1970s, the hypothesis of "growth limit" was put forward by Rome Club, which meant artificially lowering the speed of economic growth to alleviate the restriction of resources and environment for economic growth, the so-called "zero growth" theory. After that, some researchers began to deny this hypothesis in the empirical, such as Auty (1985) . [1] But it was not until the early 1990s, on the base of the global environmental health system (GEMS) data, the relationship between economic growth and environmental quality gradually got direct validation. Among them, Grossman and Krueger verifying the sulfur dioxide, soot emissions and per capital income was not a linear relationship for the first time, but inverted U shape relationship. [2] In the initial stages of economic development, environment quality deteriorated with economic growth, and when the income reached a certain turning point, environmental quality would improve gradually. Because it was similar with that Kuznets proposed the relationship between income and income inequality. The inverted U shape trajectory was named "Environmental Kuznets Curve" (The EKC) by Panayotou (1993) . [3] Although economic growth will lead to the environment deterioration in the early stages of the economic development, the significance of the Environmental Kuznets Curve is that it provides a way to realize win-win situation of economic growth and environmental quality path, especially for developing countries. When the income level reaches a certain level (about $8000), the environmental quality gradually improve. It isn't in conflict between economic growth and environmental quality, economic growth is the way of improving the environment, economic growth is the natural evidence for developing countries to further promoting the economic growth. Environmental Kuznets Curve hypothesis causes a hot debate in academic circles, which focuses on the defects of the EKC model, policy applicability and other issues. So far, although there is scholars' dispute, for the existence Environmental Kuznets Curve revealing environmental quality evolution track that is agreement. The current research focus concentrates on three aspects mainly: Firstly, empirically testing researches the existence and stability of Environmental Kuznets Curve. Secondly, theoretical and empirical explain the formation reason and change mechanism of the Environmental Kuznets Curve. Thirdly, inspecting the policy implications behind the Environmental Kuznets Curve.
The Empirical Evidence of Environmental Kuznets Curve
The inverted U shape relationship between economic growth and the environmental quality is based on empirical data, whether it has stability and extensive applicability those are the main problems of the experience research, including empirical model setting, sample data and index selection, etc.
Demonstration Model
Grossman and Krueger estimated the relationship between income and environmental quality on the base of international panel data [4] . This paper used the three categories of air, water and soil, 14 kinds of pollutants, through normative analysis found that per capital income and transnational environmental pollution was a kind of inverted U shape on the basis of empirical results, the inflection point was at per capital income of $8000. They provided a simple estimate equation form that was widely used in the later research.
it y was environmental quality index, it x was the per-capita income indicators, it z was the related control variables such as population density, it  was the residual items. In order to investigate the stability of the inverted U shape, Harbaugh etc. by modifying Grossman's estimated form, including increased samples of different countries and new control variables, the results showed that inverted U shape of income and environmental quality had a vulnerability. The paper also pointed out the reason that was most of the countries in the world still did not meet the turning point of the income level. [5] Thus the empirical research on the EKC should pay more attention to the national characteristics of pollution decreasing and income increasing, which helped to give more persuasive policy implications.
In addition, the simple equation estimation also has the following problems: Firstly, it reflects a kind of correlation rather than causal mechanism, environmental quality and economic growth are possible interactive relationship, thus generates endogenous estimation errors. Existing processing methods include using instrumental variable, and structural equation. Secondly, the contracted equation often assumes that the relations of income and the environment conforms a sort of specific function form, such as quadric form or cubic form.
The function form directly impacts the shape of the curve and the position of the turning point. Quadratic function usually has a symmetry that means environmental quality declines, economic growth speed also slows down on the left, and the conditions are inverse on the right. In order to deal with these problems, other estimation methods were adopted, such as the semi-parametric generalized additive models (Tsurumi and Managi, 2010) [6] , etc.
Besides associated with income level, the change of the pollutants discharge much relates the growth trend of different countries, especially for the developing countries. Therefore, Bradford etc. proposed a new conceptual model, the assumption is that pollutants emission is an equation about real per capital GDP and real per capital GDP growth rate (known as the BBC model) [7] . dp/dt=a(y-y*)g (2) P is the pollutant levels of a region , t is time, y and g respectively are the current income level and income growth speed, y* is the income level of the turning point. The above equation can be further changed to:
Among them,  is the real constant. The two estimation methods are the foundation of investigating economic growth and environmental quality, the difference are as follow, the former emphasizes the economic level, and the latter emphasizes economic growth speed. For developing countries, the second estimate form is more suitable, because of faster growth speed, income level is relatively lower, and has larger volatility. Chengwu Jin and Juan Wu (2014) confirmed that China's economic growth and sulfur dioxide emissions was inverted U shape relationship based on this kind of equation . [8] 
Research Index
Income and the environmental quality index are two key variables of The EKC experience estimation. Income indicators are basically represented by a region's per capital GDP. Panayotou (1998) used unit land area GDP to measure the scale level of the region's economic, estimated the scale effect of income environment relationship, and investigated the pure income effect by the real per capital GDP. [9] Generally speaking, to guarantee the stability of the inverted U shape curve estimation results is the most important for the EKC estimation, among the process to confirm environmental quality indicators are the most critical. Because of the large kinds of pollutants indexes, the premise of the overall inverted U shape relationship of economic growth and environmental quality is economic growth and all kinds of pollutants indexes are "inverted U" shape relationship. For the judgment of the inflection point need to judge according to the variety of pollutants, only a kind of pollutant over the inflection point does not represent the overall economic growth and environmental quality relationship over the inflection point. For the treatment of the problem usually contains three kinds of methods: Firstly, only researching the relationship of a single pollutant and the income level, such as Shengwu Jin etc. investigated only by sulfur dioxide. [8] Secondly, researching the relationship of a variety of pollutants estimates and per capital income, usually pollutants include multiple categories, air quality indicators and water quality indicators are widely used. Air quality indicators mainly include: sulphur dioxide, suspended particulate matter, carbon monoxide, nitrogen oxide, carbon dioxide and so on. The inverted U shape relationship between the first four indicators and the income has confirmed by a lot of research, but the relationship between the carbon dioxide and the income level is generally monotonous. The empirical results of water environmental governance indicators are more complicated: including the main pathogens concentration in water, the total of heavy metals (lead, cadmium, mercury, arsenic, nickel), the emissions of toxic chemicals, oxygen demand of organisms. Although the EKC exists for some indicators, a lot of research has less consistent results on the curve shape and peak. In addition, some other indicators are used, including solid wastes, the urban environmental sanitation, the safe drinking water, the energy use and traffic quantities, and so on. In general speaking, the indicators of direct impact and the pollutants such as solid waste are still failed to present a downward trend at high income level, the results of deforestation are more controversial. Thirdly, building a comprehensive environmental quality indexes to estimate, such as Lin Yang and Hongxia Gao(2012) [10] built a comprehensive industrial waste water pollution index based on sulfur dioxide, dust, smoke, dust, industrial waste gas, and so on. Brajer etc. (2011) [11] tested inverted U shape relationship between China's economic growth and environmental quality. In addition to the types of pollutants, the emission of pollutants and concentration levels are other two types of indicators of estimating Environmental Kuznets Curve.
The Sample Data
The beginning research on economic growth and environmental quality are based on the international data, these samples contain both developing countries and developed countries. According to the logic of The EKC, every country experienced the "income-pollution" trajectories are similar, namely on the same The EKC line. That is to say, the economic and environmental quality tracks in the developed countries in the history are the same as the developing countries now. It should be confirmed in the historical experience, but the relationship between environment and economic growth of developing countries in the future is not clear. The "environment-economy" trajectory estimates based on international panel data in the developing countries in the future does not ensure follow the established rule of the "gold". That is the reason why the results are inconsistent in different countries.
There is also some research using the time series data, those are appropriate for developed countries, because most of the developed countries have covered different stages of the EKC. But the economic growth and environmental pollution aggravation are at the same time in many developing countries, it's hard to judge the relationship between the economic growth and environmental quality according to historical data of developing countries. So for the research of China's Environmental Kuznets Curve is not based on time series data. On the one hand, because it's hard to research the relationship between environmental pollution and economic growth based on time series at different economic development stages. On the other hand, China's time series data on the environmental pollution is usually short; generally it is shorter than 30 years. Thus it's difficult to ensure the scientific nature and rationality of the results.
The Consensus of the Disputed
Study for The EKC, though conclusions are not same, still has reached some consensus in the debate. Firstly, the EKC is the basic track between income and environment in different economic development stages. In general, the inverted U shape characteristic would relatively completely appear in the later stage of industrialization or post-industrial economy period. Therefore, from the point of the time series, the EKC is tenable in high-income countries, but it isn't tenable in low-income countries. Secondly, the EKC is only applicable to certain pollutants, may not apply to all the environmental elements. The common features of these pollutants are regional pollution, directly influential on health and relatively easy to control. For the global pollutants, such as carbon dioxide, the inverted U sharp relationship between it and income is not yet clear, or the income level of the turning point in the inverted U sharp relationship is very high. Thirdly, the formation of the EKC is not spontaneously generated by per capital GDP growth. Although many studies have verified the existence of Environmental Kuznets Curve, the existing research has formed a conclusion crossing the EKC inflection point that can't automatically generated by relying on income rise, which must be directly pushed forward by some policies .
Environmental Kuznets Curve Theory explanation Scale Effect, Structure Effect and Technology Effect
Scale effect, structure effect and technology effect are three main paths that economic growth affects the environment quality. In the initial stage of economic development, the increasing output need more natural resource elements input, at the same time more output also means more waste or pollution byproduct. The environmental impact from this economic expansion is known as scale effect. Scale effect in production transfer from the first industry to the process of industrial production plays a dominant effect and mainly manifests the EKC upward trend at left. When economic development gradually transfers from the second industry to the third industry, structure effect and technology effect dominate, leading to the generation of The EKC downward trend. Structural changes include manufacturing processes transfer from pollution intensive industries to clean industry, this is called remove pollution. Technological advances include reducing production input and renewing cleaner production technology in the process.
Income, Preferences and Demand Effect
As income increases, the demand for improving environment quality is and gradually more than other consumer demand of goods and services, so inverted U shape curve may appear. This is a basic logic explaining the relationship between income and environmental quality from preferences angle. Generally speaking, environmental need is difficult to be measured, some research replaced it by willingness to pay (the WTP). Overall, different preferences shape different consumption forms, if income increases, but there is no enough environment will, even if a complex and efficient reduction technology still could not prevent the deterioration of pollution emission. Whether the preferences and demand of clean environment can reflect on environmental pollution control, or not which is still in the air.
That is tightly related to a region or a country's system, such as the status of the income distribution, the quality of a system, etc.
Emissions Reduction Technology and Scale Return
Generally speaking, the pollution control technology has the characters of large fixed cost investment and relatively low operation cost, especially the efficient pollution treatment technology. Andreoni and Levinson in order to separate the function of pollution control technology, they assumed that there is no link between the demand of clean environment and income.
Under this assumption, only in the case of increasing pollution treatment technology scale, in other words, unit pollution treatment costs decline with the production scale expanding, the shape of the EKC is inverted U shape. But, the EKC shape is U shape when scale return decreases. The EKC is rising curve at all per capital income level when scale return is constant. When there is no environmental policy, although the inverted U shape path of the environmental evolution would appear, the pollution of every income level maybe very high and invalid.
Trade and Pollution Haven Hypothesis
Although many economists believe that trade is not the root cause of environmental degradation, the trade is still an important factor to explain The EKC Trade impacts environmental quality by scale, structure and technology three basic elements. On the one hand, trade expansion promotes the growth of the economic scale, indirectly increases pollution emissions. On the other hand, trade can also impact on environmental quality by the structure and technology effect. Trade is inconsistent to the influence of different countries in the structure effect. Accordance to the trade theory of Hecksher-Ohlin, the developing countries mainly worked on the production elements intensity goods production based on relatively abundant labor and natural resources. While the developed countries tended to human capital and capital intensive products. As a result, poor countries are more likely to become pollution intensive products exporters, rich countries are more likely to become the pollution-intensive products importers. To some extent, the Kuznets inverted U shape curve is actually the result of international professional division. Trade liberalization has changed the world pattern of the production activities, thus indirectly change the layout of the polluting activities.
In addition to the division from the comparative advantage of labor and resources, the difference of environmental regulation degrees constitutes another important factor of the division of labor. The present mechanism mainly shows on the multinational companies, namely the differences of environmental standards reflect the comparative advantage of different regions in some way, which is the pollution haven hypothesis. By this mechanism, polluting industries gradually transfer to the countries of low environment standard, and cleaning industries gradually transfer to the countries of high environmental standards.
Institutional Factors and Environment Regulation
According to the experience of developed countries, pollution emission reduces because of the government strict environmental regulation to a large extent. The low-income countries or regional and accelerate the environmental ameliorative pace of high-income countries or regional. Therefore, environmental regulation can press the EKC, and reduce the environmental costs of economic growth. Institution mainly affects environmental pollution in three aspects:
Firstly, directly impacting on environmental policies formulation and enforcement, affect the intensity of the emission reduction further. Secondly, impacting on the income, then affecting environment pollution emission by economic growth. Thirdly, institution including foreign direct investment and trade liberalization are indirectly variable deciding affected degree. General speaking, the institutional factors including: the state system, the corruption degree, local competition behaviors, the legal environment, the personnel changes, and so on. Such as Shengwu Jin and Juan Wu (2014) [8] , they argued that corruption can weaken environment quality by weakening economic growth to a certain extent. Lopez and Mitra (2001) [12] showed that corruption might lead pollution emission to deviate from the optimal society level. And the corruption will lead to the inflection point of the EKC higher.
In addition, the market mechanism is an important factor affecting the effects of environmental policy implementation, emphasis the environmental degradation influence of endogenous self-regulation market mechanism. This kind of influence mainly exists in transition countries, which shows that the non-market for energy resource allocation is inefficiency. Such as unreasonable energy subsidies lead to marginal cost and marginal social cost separately, the energy price that can reflect market prices can accelerate the non-resource intensive technology transformation. Panayotou(1998) [9] considered that the definition of good property rights and the removal of unreasonable subsidies could lead The EKC to decline.
The Policy Implications of Environmental Kuznets Curve
Economic growth is always accompanied with a certain degree of environmental pollution, it has become a fact. But people are more concerned about path dependence characteristics of the pollution, namely environmental pollution change trend in economic growth. Then what are the policy implications about the experience studies and the theory explanations of the EKC?
Firstly, the economic growth is the premise to realize environmental quality improvement, but environmental policy cannot be substitute for economic growth. The premise of The EKC fitting is every country in the different development stages, but the developing countries pass from curve left to right, must achieve the developed country's development stage. That is to say, the industrial structure and technical progress of pollution emissions offset should be similar to those of developed countries. As Beckerman (1992) [13] , he contends that "in most countries, the best way to get the pleasant environment, only may be to become rich". According to the existing research, Environmental Kuznets Curve inflection point usually occurs at about $8000, and the middle-income trap is between $4000 and $12000. Therefore, overcoming the middle-income trap is the key to realize economic growth and environmental win-win. Gang Li (2007) found that there was a two-way relationship between economic growth and environmental pollution through comparing many countries and regions in the world. [14] Secondly, system quality directly affects the implementation effect of the environmental policy, which cause Environmental Kuznets Curve shape changing. Promoting the system efficiency to realize win-win situation of economic growth and environmental quality has the important effect of twice the result with half the effort. Torras and Boyce (1998) [15] found that social and political conditions had a clear impact on environmental quality. When resources are increasingly scarce, technology progress may be more reflected in improving resource utilization efficiency and speed up pollution treatment. From the perspective of the economic growth law, market this "invisible hand" will eventually put the social economy into the environmental -economic win-win track.
